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(57) [Abstract] 
[Objective] 

The invention provides a stable polystyrene resin composition 
excelling in heat resistance, chemical resistance, mechanical 
strength, etc., and molded articles that do not show any 
degradation in mechanical strength or color even used under 
high temperature for longer duration. 

[Constitution] 

Polystyrene resin composition is formed by blending 
syndiotactic styrene resin (SPS) with phenol antioxidant or 
inorganic filler along with (modified) polyphenylene ether or 
other thermoplastic resin, or rubber elastomer. 



[Claim(s)] 
[Claim 1] 

Polystyrene resin composition is formed by blending (A) (a) 
100 parts by weight syndiotactic styrene resin (SPS) with (B) 
0.005 to 5.0 parts by weight phenol antioxidant. 

[Claim 2] 

Polystyrene resin composition is formed by blending (A) (a) 1 
to 99% by weight syndiotactic styrene resin (SPS) and (b) 99 
to 1 % by weight thermoplastic resin and /or rubber elastomer, 
with (B) 0.005 to 5.0 parts by weight phenol antioxidant. 



[Claim 3] 

Polystyrene resin composition is formed by blending (A) (a) 
99.9 to 90.0% by weight syndiotactic styrene resin (SPS) and 
(c) 0.1 to 10.0% by weight polyphenylene ether and /or 
modified polyphenylene ether, with (B) 0.005 to 5.0 parts by 
weight phenol antioxidant. 



[Claim 4] 

Polystyrene resin composition is formed by blending (c) 0. 1 
to 1 0.0% by weight polyphenylene ether and /or modified 
polyphenylene ether to (A) (a) 1 to 99% by weight 
syndiotactic styrene resin (SPS) and (b) 99 to 1 % by weight 
thermoplastic resin and /or rubber elastomer, with (B) 0.005 
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Specification 

[0001 1 

« t* * u u > miiflimm^i n u , 



to 5.0 parts by weight phenol antioxidant. 



[Claim 5] 

Polystyrene resin composition mentioned in claims 1 , 2, 3, 
and 4, the blend amount of (C) inorganic filler is 1 to 350 
parts by weight with respect to 100 parts by weight resin 
composition. 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The invention relates to polystyrene resin composition. 
Specifically, it relates to the resin composition excelling in 
heat resistance, chemical resistance, mechanical strength, etc., 
and shows no degradation in mechanical strength or color 
when molded at comparatively high temperature. The molded 
articles do not show any change in the physical properties 
when used under high temperature for longer duration. 



[0002] 

U>*S£fc(J3lT, SPS o ) 

[0003] 
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[0002] 
[Prior Art] 

Syndiotactic styrene polymer (hereinafter, abbreviated to 
SPS) excels in heat resistance, chemical resistance, water 
resistance, and is widely used as raw material for various 
molded articles. 

[0003] 

Since SPS has high melting point as compared to 
conventional thermoplastic resin, the thermal molding is 
carried out at high temperature. 

When thermal molding of SPS is carried out at high 
temperature, the molecular weight decreases due to thermal 
decomposition. 

As a result, there was a problem of low mechanical strength, 
deteriorated color of the resin. 

In addition, since SPS has high heat resistance, it is widely 
used as raw material for molded articles. When molded 
articles of SPS were exposed to high temperature for long 
duration, decrease in molecular weight, low mechanical 
strength, deteriorated color was observed, and hence heat 
resistance and durability were inadequate. 
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[0004] 

[Problems to be Solved by the Invention] 

The inventor carried out a research in order to develop a SPS 
resin composition with improved heat resistance, durability, 
etc. that are suitable for high temperature or molding at high 
temperature while preserving the outstanding properties of 
SPS. 

[0005] 

[Means to Solve the Problems] 

As a result, SPS resin composition with improved heat 
resistance, durability, etc. was developed by blending with 
specific amount of specific antioxidant. 



The invention was completed on the basis of the information. 
[0006] 

In other words, (1) polystyrene resin composition is formed 
by blending (A) (a) 100 parts by weight syndiotactic styrene 
resin (SPS) with (B) 0.005 to 5.0 parts by weight phenol 
antioxidant, (2) polystyrene resin composition is formed by 
blending (A) (a) 1 to 99% by weight syndiotactic styrene resin 
(SPS) and (b) 99 to 1% by weight thermoplastic resin and /or 
rubber elastomer, with (B) 0.005 to 5.0 parts by weight 
phenol antioxidant, (3) polystyrene resin composition is 
formed by blending (A) (a) 99.9 to 90.0% by weight 
syndiotactic styrene resin (SPS) and (c) 0. 1 to 10.0% by 
weight polyphenylene ether and /or modified polyphenylene 
ether, with (B) 0.005 to 5.0 parts by weight phenol 
antioxidant, and (4) polystyrene resin composition is formed 
by blending (c) 0.1 to 10.0% by weight polyphenylene ether 
and /or modified polyphenylene ether to (A) (a) 1 to 99% by 
weight syndiotactic styrene resin (SPS) and (b) 99 to 1% by 
weight thermoplastic resin and /or rubber elastomer, with (B) 
0.005 to 5.0 parts by weight phenol antioxidant. Moreover, 
(5) the resin composition mentioned claims 1, 2, 3, and 4, the 
blend amount of (C) inorganic filler is 1 to 350 parts by 
weight with respect to 100 parts by weight resin composition. 
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[0007] 

In the resin composition, the resin (A) is comprised of SPS as 
component (a), thermoplastic resin and/or rubber elastomer as 
component (b), and polyphenylene ether and or modified 
polyphenylene ether as component (c). 

The syndiotactic structure in syndiotactic styrene polymer is a 
three dimensional structure. In other words, compound 
possessing three-dimensional structure where phenyl group or 
substituted phenyl groups are placed on the opposite side 
alternately in the molecular chain formed by carbon-carbon 
bond. The tacticity can be determined by nuclear magnetic 
resonance method ( l3 C-NMRmethod) by isotopic carbon. 



Nuclear Magnetic Resonance method( 13 C - NMR method) 
determines the existing ratio of constitutional block of 
successive units, such as diode in case of 2 units, triode when 
3 units and pentad for 5 units. In the invention, it is desirable 
to use syndiotactic styrene resin having syndiotacticity atleast 
75%, preferably atleast 85% in case of racemic diode, and 
atleast 30%, preferably atleast 50% in case of racemic pentad. 
The examples of syndiotactic styrene polymer are 
polystyrene, poly(alkylstyrene), poly(halogenated styrene), 
poly(halogenated alkylstyrene), poly( vinyl benzoate ester), 
their hydrogenated products and mixtures, or copolymers of 
mainly these components. 



Furthermore, poly(methylstyrene), poly(ethyl styrene), 
poly(isopropyl styrene), poly(tertiary butyl styrene), 
poly(phenylstyrene), poly( vinyl naphthalene), polyvinyl 
styrene), etc. are used as poly(alkyl styrene), and 
poly(chlorostyrene), poly(bromostyrene), poly(fluorostyrene), 
etc. as poly(halogenated styrene) 



In addition, poly(halogenated alkylstyrene) is 
poly(chloromethyl styrene), etc, and poly(alkoxy styrene) are 
poly(methoxy styrene), poly(ethoxy styrene), etc. 



[0008] 

The preferred styrene compound are polystyrene, poly(p- 
methylstyrene), poly(m-methylstyrene), poly(p- tertiary butyl 
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styrene), poly(p- chlorostyrene), poly(m-chlorostyrene), 
poly(p- fluorostyrene), hydrogenated polystyrene, and 
copolymers having these structural units. 



Furthermore, these can be used independently or in 
combination. 

[0009] 

The weight average molecular weight of styrene polymer is 
atleast 10,000, preferably atleast 50,000. 



Furthermore, there are no limitations regarding molecular 
weight distribution, it is possible to cover various things. 

If weight average molecular weight is less than 10,000, the 
thermal and mechanical properties of the composition or 
molded article are affected, and hence not preferred. 

[0010] 

Such kind of syndiotactic styrene polymer can be prepared by 
polymerizing styrene monomer in the presence of inert 
hydrocarbon solvent or in the absence of solvent, and using 
catalyst aluminoxane which is a condensation compound of 
titanium compound and water and trialkyl aluminum (patent 
no. 62-187708). 

In addition, poly(halogenated alkyl styrene) can be obtained 
by the method mentioned in patent no. 01-146912, the above 
mentioned hydrogenated polymer by the method mentioned in 
patent no. 01-178505. 

[0011] 

In addition, syndiotactic styrene polymer having functional 
group can be used as component (a). 

Here, syndiotactic styrene polymer having functional group is 
the modified syndiotactic styrene polymer, e.g., (1) 
introduction of functional group by copolymerization reaction 
during polymerization, (2) introduction of functional group 
during the termination of polymerization reaction, and (3) 
grafting using above mentioned (1) or (2) functional group. 
The method is not restricted. 
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In addition, there are no restrictions regarding modification??;. 
[0012] 

Next, thermoplastic resin and/or rubber elastomer is used as 
component (b). 

As thermoplastic resin, above-mentioned component (a) and 
mentioned below other than component (c) can be used. 



Concretely, styrene polymer, e.g., atactic polystyrene, 
isotactic polystyrene, AS resin, ABS resin, etc.; polyester 
resin, e.g., polyethylene terephthalate, polyethylene 
naphthalate, polycarbonate, etc.; poly (thio) ether resin, e.g., 
polyphenylene oxide, polyphenylene sulfide, 
polyoxymethylene, etc.; sulfone resin, e.g., polysulfone, 
polyether sulfone, etc.; acrylic polymer, e.g., polyacrylic acid, 
polyacrylate ester, polymethylmethacrylate, etc.; polyolefin 
polymer, e.g., polyethylene, polypropylene, polybutene, poly 
4- methylpentene-1, ethylene-propylene copolymer, etc.; 
halogenated vinyl compound polymer, e.g., polyvinyl 
chloride, poly vinylidene chloride, polyvinylidene fluoride, 
etc.; polyamide resin etc. 



The thermoplastic resin can be used independently or in 
combination. 



[0013] 

In addition, the examples of component (b) rubber elastomer 
are styrene-butyl acrylate copolymer rubber, 
styrene-butadiene block copolymer (SBR ), hydrogenated 
styrene-butadiene block copolymer (SEB ), 
styrene-butadiene-styrene block copolymer (SBS ), 
hydrogenated styrene-butadiene-styrene block copolymer 
(SEBS ), styrene-isoprene block copolymer (SIR ), 
hydrogenated styrene-isoprene block copolymer (SEP ), 
styrene-isoprene-styrene block copolymer (SIS ), 
hydrogenated styrene-isoprene-styrene block copolymer 
(SEPS ), styrene-butadiene random copolymer, hydrogenated 
styrene-butadiene random copolymer, 
styrene-ethylene-propylene random copolymer, 
styrene-ethylene-butylene random copolymer, or particle 
elastomer of core shell type, e.g., 
butadiene-acrylonitrile-styrene-core shell rubber 
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(ABS),methyl methacrylate-butadiene-styrene-core shell 
rubber (MBS), methyl methacrylate-butyl 
acrylate-styrene-core shell rubber (MAS ), octyl 
acrylate-butadiene-styrene-core shell rubber (MABS ), alkyl 
acrylate-butadiene-acrylonitrile-styrene core shell rubber 
(AABS ), butadiene-styrene-core shell rubber (SBR ), natural 
rubber, polybutadiene, polyisoprene, polyisobutylene, 
neoprene, silicone rubber, ethylene propylene rubber of or 
other core shell type (EPR Methylene propylene diene rubber 
(EPDM ). Furthermore, these elastomer can be modified by a 
modifier. 



Furthermore, copolymer of olefin and polar vinyl monomer, 
e.g., ethylene-glycidyl methacrylate copolymer, 
ethylene-glycidyl methacrylate-methyl acrylate copolymer, 
ethylene-glycidyl methacrylate-ethyl acrylate copolymer, 
ethylene-glycidyl methacrylate-methyl methacrylate 
copolymer, ethylene-glycidyl methacrylate-ethyl methacrylate 
copolymer, ethylene-glycidyl methacrylate-vinyl acetate 
copolymer, ethylene-maleic anhydride copolymer, 
ethylene-maleic anhydride-methyl methacrylate copolymer, 
ethylene-maleic anhydride-ethyl methacrylate copolymer, 
ethylene-maleic anhydride- vinyl acetate copolymer, 
ethylene-vinyl acetate copolymer, ethylene-methyl acrylate 
copolymer, ethylene-ethyl acrylate copolymer, chlorinated 
polyethylene, nylon elastomer, polyester elastomer, urethane 
elastomer, polysulfide rubber, thiokol rubber, acrylic rubber, 
epichlorohydrin rubber, chlorinated rubber etc. are also listed. 



Among these, core shell rubber containing SEB, SEBS, SEPS, 
and styrene unit are preferred. 

The rubber elastomer can be used independently or in 
combination. 



In the resin composition, as component (b), the above 
mentioned thermoplastic resin and rubber elastomer, or 
substance containing only one component can be used. 

[0014] 
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Next, as component (c), polyphenylene ether and/or modified 
polyphenylene ether can be used in the resin composition. 

Polyphenylene ether is a well-known compound, and it can be 
referred from U.S. Patent 3,306,874, 3,306,875, 3,257,357, 
and 3,257,358. 

Polyphenylene ether is, generally, prepared by oxidative 
coupling reaction that forms homopolymer or copolymer in 
the presence of copper amine complex, and atleast one kind of 
phenol compound substituted at two or three places. 

Here, copper amine complex is derived from primary, 
secondary or tertiary amine. 

The suitable examples of polyphenylene ether are poly(2,3 
-dimethyl-6-ethyl-l,4- phenylene ether), poly(2 
-methyl-6-chloromethyl-l, 4-phenylene ether), 
poly(2-methyl-6-hydroxyethyl-l,4- phenylene ether), 
poly(2-methyl-6-n-butyl-l, 4- phenylene ether), 
poly(2-ethyl-6-isopropyl-l, 4- phenylene ether), 
poly(2-ethyl-6-n- propyl- 1, 4- phenylene ether), 
poly(2,3,6-trimethyl-l, 4- phenylene ether), poly{2 
-(4'-methylphenyl)- 1 ,4-phenylene ether} , 
poly(2-bromo-6-phenyl-l, 4- phenylene ether), 
poly(2-methyl-6-phenyl-l, 4- phenylene ether), 
poly(2-phenyl-l,4- phenylene ether), 
poly(2-chloro-l, 4-phenylene ether), poly(2 -methyl- 1,4- 
phenylene ether), poly(2-chloro-6-ethyl-l,4- phenylene ether), 
poly (2-chloro-6-bromo-l, 4-phenylene ether), poly(2,6-di-n- 
propyl-1, 4- phenylene ether), poly(2-methyl-6-isopropyl-l, 
4- phenylene ether), poly(2-chloro-6-methyl-l, 4- phenylene 
ether), poly(2-methyl-6-ethyl-l,4- phenylene ether), 
poly(2,6-dibromo-l ,4-phenylene ether), 
poly(2,6-dichloro-l, 4-phenylene ether); poly (2,6-diethyl- 1,4- 
phenylene ether), and poly(2,6-dimethyl-l, 4-phenylene ether) 
etc. 



[0015] 

In addition, copolymers having two kinds of phenol 
compounds used for the adjustment of above-mentioned 
homopolymer can also be used.. 
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Furthermore, graft copolymer and block copolymer of above 
mentioned polyphenylene ether and vinyl aromatic 
compound, e.g., polystyrene can also be used. 

Among these, poly(2,6-dimethyl-l, 4-phenylene ether) is 
preferred. 

[0016] 

The modified polyphenylene ether is the modified substance 
obtained by modifying the above mentioned polyphenylene 
ether. There are no limitations for the method. 



Next, compound having ethylene double bond and polar 
group in the same molecule is used as modifier in order to 
modify the raw material. 

The examples of such compound are maleic anhydride, 
maleic acid, maleate, maleic acid ester, maleimide and its N- 
substituted compound, acrylic acid, acrylate, acrylic acid 
ester, acrylamide, methacrylic acid, methacrylic acid ester, 
methacrylamide, glycidyl methacrylate etc. 



The modifiers can be used independently or in combination. 
[0017] 

The modified polyphenylene ether is obtained by the reaction 
between polyphenylene ether and modifier in the presence of 
solvent and other resin. 

There are no limitations regarding modification method. For 
example, the method of reacting after melting and kneading 
with the help roll mill, banbury mixer, extruder, etc. at 150 to 
350°C, and the method of thermal reaction in the solvent 
benzene, toluene, xylene, etc. 



Furthermore, in order to accelerate the reaction, benzoyl 
peroxide, di-t-butyl peroxide, dicumyl peroxide, t-butyl 
peroxybenzoate, azobis isobutyronitrile, azobis 
isovaleronitrile, 2, 3- biphenyl-2, 3- dimethyl butane or other 
radical generator can present in the reaction system. 
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The preferred modification method is melting and kneading in 
the presence of radical generator. 

From the modified syndiotactic polystyrene, specifically 
maleic anhydride-modified syndiotactic polystyrene is 
preferred. 

Both polyphenylene ether and modified polyphenylene ether, 
or one component used as component (c), can be blended with 
the resin composition. 

[0018] 

Next, component (B) used in the invention is phenol oxidant. 

When blended with component (B), the original properties of 
SPS are preserved and heat resistance, durability can be 
improved. 

As phenol oxidant, 

Concretely, 2,6-di-t-butyl-4-methyl phenol, 

2,6-di-t-butyl-4-ethyl phenol, 

2,6-di-t-butyl-4-phenyl phenol, 2,2'-methylene bis(4 
-methyl-6-t-butyl phenol), 2,2'-methylene bis(4 
-ethyl-6-t-butyl phenol), 2,2'-methylene bis (4-ethyl-6-n- 
nonylphenol) , 4,4'-butylidene bis(3-methyl-6-t-butyl phenol), 
4,4'-thiobis(3-methyl-6-t-butyl phenol), l,l,3-tris(5-t-butyl-4- 
hydroxy-2-methylphenyl)butane, 2-t-butyl-6-(3 -t-butyl-2- 
hydroxy-5-methylbenzyl)- 4-methylphenyl acrylate, 
2-{ l-(2-hydroxy-3,5-di- t-pentyl phenyl)ethyl}- 4,6-di- 
t-pentyl phenyl acrylate, n-octadecyl-3-(3,5-di— t-butyl-4- 
hydroxyphenyl ) propionate, 3,5-di-t-butyl-4- hydroxy-benzyl 
phosphonate-diethyl ester, triethylene glycol— 
bis{ 3-(3-t-butyl-5-methyl-4— hydroxyphenyl propionate} , 
l,6-hexanediol-bis{3-(3,5-di-t-butyl-4- hydroxyphenyl ) 
propionate), 2,2-thio-diethylene 
bis{3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate}, N, 
N'-hexamethylene 

bis(3,5-di-t-butyl-4-hydroxy-hydrocyanide), 

3,9-bis {1,1 -di-methyl-2- { 6 -(3 

-t-butyl-4-hydroxy-5-methylphenyl) propanoyl 

oxy } ethyl} -2,4,8, 10-tetrakis spiro{5,5} undecane, 

N,N' -bis { 3-(3 ,5-di-t-butyl -4- hydroxyphenyl) 

propanoyl } hydrazine, 

pentaerythrityl-tetrakis{3-(3,5-di-t-butyl-4- 

hydroxyphenyl)propionate}, 2,4-bis(n-octyl thio)-6-(4 

-hydroxy-3,5-di-t— butyl aniline)- 1 ,3,5-triazine, 

1 ,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxy benzyl) 

benzene, tris(3,5-di-t-butyl-4- hydroxy benzyl )-isocyanurate, 



Page 12 Paterra Instant MT Machine Translation 



JP1995138433A 



1995-5-30 



^*;t-?7t:p (5,5) oy^-hy. n,n- - 

£7 (3-(3,5-v-t-yfJU-tKPtv7H 
Uf^fh7+7, (3-(3,5-5?-t-y^-JI/-4-t l< 

(n- ^^Jl^tf^-^-t f<P*v-3,5-V-t 

- 7^7:1 U7)-1,3,5-MJ 7-7 1,3,5- 
S U * 5^1-2,4,6- S U *(3,5-5>-t-7*^-4-L 
KP*v^>5>JU)^>-t£X SUX(3,5-y-t- 

K MJX^-t-T^l-^-v-jWU-S-t: l< 
C*xS0>4>T'4St:, 2,2' -P<5 L U> 1^7.(4-^ 

5 l ^-6-t-75 i ;i7iy-^), 4,4' -^trx 

(3-*5^U-6-t- 7*^1/7 1 2- (l-(2-L 
K P * v-3,5- v-t-^ >5^l 7 1 ~ )l)T^)l) 
-4,6-v-t-^>5 1 ;i7i->'l7'7UU-h, n- 
*?$7vJU-3-(3,5-v- t-7*JU-4-L HP* 
v7i=>ll)7Pe7M*-K h'JI5 1 U>^ 

up-;u-^7 C3-c3-t-y^;ir-5-^^;u-4- t 

KP^v7x-J| / )7 , Pt:'^-h) , N,N' 
-^+^P<5 1 U>b:7(3,5-v-t-75 1 >IU-4-t K 
□+v-tHPv>t75(<), 3,9-L'7n (1,1 

- v-*5^-2- (p -(3-t-7^^-4- 1 KP+v 
-5-*^U7 iZ^)7Pt^ZJW+y)If 
JIO -2,4,8,10-^ S^+^+rZ^P (5,5) -7> 
7-'2>>> 'OSH'JX'J^-x S^ + 7 

(3-(3,5-5?-t-7'5 : -)l/-4-t + iZJl/) 
yPf^-S) , 2,4- 1 7-(n- * 0^)1 =5- 

#)-6-(4-b KP + y-3,5-i?-t- -JJ-JIT-V 
7)- 1,3,5- h 'J 7v>, 1,3,5- h "J * ^JU-2,4,6- 
hyX(3,5-y-t-7f;U-t KP*5"Ov 
^>-tf>, S'J7-(3,5-^-t-7"fJU-tK 
P^rv'Oy^-^VvT^U'f S^ffSU 

[00191 

j^iz. *»w©(C)«»B:jtea3te*aijT?««. 

&8$?d«8J £ U T I* , (A)(a)J$#T * * 7^ U 

-t, -> u * mvt << s m s -b 9 5. * * mm t u 



tris(4-t-butyl-2,6-di-methyl-3-hydroxy benzyl)isocyanurate, 
etc. 



Among these, specifically 2,2'-methylene bis(4 
-methyl-6-t-butyl phenol), 4,4'-thio bis(3-methyl-6-t-butyl 
phenol), 2-{ l-(2 -hydroxy-3,5-di-t-pentyl 
phenyl )ethyl}-4,6-di- t-pentyl phenyl acrylate, 
n-octadecyl-3-(3,5-di— t-butyl-4- hydroxyphenyl) propionate, 
triethylene glycol- bis{3-(3 

-t-butyl-5-methyl-4— hydroxyphenyl ) propionate }, N, 
N'-hexamethylene 

bis(3,5-di-t-butyl-4-hydroxy-hydrocyanide), 3,9-bis{ 1,1-di- 
methyl -2-{(3 -(3-t-butyl-4-hydroxy-5-methylphenyl) 
propanoyloxy} ethyl}- 2,4,8, 10-tetrakis spiro{5,5}undecane, 
pentaerythrityl-tetrakis{3-(3,5-di-t-butyl-4- hydroxyphenyl ) 
propionate}, 2,4-bis-(n-octyl thio)-6-(4-hydroxy-3,5-di-t-butyl 
aniline)- 1,3,5 -triazine, 

1 ,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4- hydroxy 
benzyl)benzene, tris-(3,5-di-t-butyl-4- hydroxy 
benzyl)-isocyanurate, are preferred. 



[0019] 

Next, component (C) of this invention is inorganic filler. 

As inorganic filler, in order to increase the adhesiveness of 
styrene resin, the surface treatment by coupling agent is 
desirable. 



As inorganic filler, fibrous, particle, powdered substance can 
be used. 

As fibrous filler, glass fiber, carbon fiber, whisker, ceramic 
fiber, metal fiber etc. are mentioned. 

Precisely, boron, alumina, silica, silicon carbide, etc. are used 
as whisker, gypsum, potassium titanate, magnesium sulfate, 



Page 1 3 Paterra Instant MT Machine Translation 



JP1995138433A 

**«IBr1*fl>»^ M£ 0.05~50mmJUf£S 
#5~20|J m(PtMff$Ul\ 

<7P7.tt,Tf htt©»£, 1mm 
[0020] 

#-,73^X7 U-^j7Xt-Xm L 
[0021] 

S3l®&3£ffll/6*l*>7r;'7''J>'7"$J, 0!) 
l# v 7 > * 7J -v 7* U > ? 3J , 5 1 ^ > » 7J v 

h+yIS+y)v7>,Y -^^<7'JP^v7' 

PfJUMJ* h + VV7>,Y -^'JvK+v 
rPt'^MJ* h*vvT>,p -(1,1-1*+ 
vv^P^+vJlOI^SU* htvv7 
>,N-p -(7^7If^>y -75.>'7 , P^US 
'J* K+yy7>,N-p -(7^yif^)-Y -7 
S.yyPfcMl^^L-v* Stvv7>,Y -7 

JU-Y -7S.y7'Pb:*>lUh l Jp<S+5/5> J 7>,Y 
-*^7S7 , Pt^MJ*h*vv i 7>,Y - 
-7PPypf;iK'J^ h + vv7>,Y -7-5. 

yrptr^su^ h+vv7>,Y 

PfJI,-S U7(2-^ 

>,n-p<5 i >ii,-y -7 7 sv7Pt:\M,su*s*v 

y7>,N-lilJK>vJUY -75.y7Pf>»l 
S U I vv^ » U 7-=. ^ 7*P £Jl S 



1995-5-30 

magnesium oxide as ceramic fiber, and copper, aluminum, 
steel etc., as metal fiber. 

The shape of the filler can be cross type, mat type, converging 
cut shape, short fiber, filament type, and whisker. 

In case of converging cut shape, the preferred length is 0.05 - 
50 mm, fiber diameter is 5 - 20(J m. 

In addition, in case of cross, mat type shape, the length is 
atleast 1 mm, preferably atleast 5mm. 

[0020] 

On the other hand, the examples of particle and powdered 
filler are talc, carbon black, graphite, titanium dioxide, silica, 
mica, calcium carbonate, calcium sulfate, barium carbonate, 
magnesium carbonate, magnesium sulfate, barium sulfate, 
oxysulfate, tin oxide, alumina, porcelain clay, silicon carbide, 
metal powder, glass powder, glass flake, glass beads etc. 



Amongst the all, glass filler, e.g., glass filament, glass fiber, 
glass robbing, glass mat of these filler, glass powder, glass 
flake, glass beads are preferred. 



[0021] 

The coupling agent used for the surface treatment of above 
mentioned inorganic filler can be selected from well-known 
silane-coupling agent and titanium-coupling agent. 



The examples of silane coupling agent are triethoxysilane, 
vinyl tris((3 -methoxy ethoxy) silane,y -methacryloxy propyl 
trimethoxysilane,Y -glycidoxy propyl trimethoxy silane, (3 
-(1,1 -epoxy cyclohexyl ) ethyl trimethoxysilane, N-(J 
-(aminoethyl )-y -aminopropyl trimethoxysilane,Y 
-aminopropyl triethoxysilane, N- phenyl-y -aminopropyl 
trimethoxysilane, Y -mercapto propyl trimethoxysilane,Y 
-chloropropyl tri methoxy silane,Y -aminopropyl 
trimethoxysilane,Y -aminopropyl-tris (2 
-methoxy-ethoxy)silane, N- methyl-Y -aminopropyl 
trimethoxysilane, N- vinyl benzyl-y -aminopropyl 
triethoxysilane, triaminopropyl trimethoxysilane, 3- 
ureidopropyl trimethoxysilane, 3-(4,5-dihydro imidazole) 
propyl triethoxysilane, hexamethyl disilazane, N,0- (bis 
trimethylsilyl )amide, N, N- bis (trimethylsilyl) urea etc. 
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Amongst these, the preferred ones are aminosilane and epoxy 
silane, e.g., Y -aminopropyl trimethoxysilane, N-|$ - 
(aminoethyl) -y -aminopropyl trimethoxysilane, Y 
-glycidoxy propyl trimethoxysilane,(3 -(3,4 -epoxy 
cyclohexyl) ethyl trimethoxysilane, etc. 



[0022] 

In addition, the examples of titanium coupling agent are 
isopropyl triisostearoyl titanate, isopropyl tridodecyl benzene 
sulfonyl titanate, isopropyl tris (dioctyl pyrophosphate) 
titanate, tetraisopropyl bis (dioctyl phosphite) titanate, 
tetraoctyl bis (di tridecyl phosphite) titanate, tetra (1,1 -diallyl 
oxymethyl -1 -butyl ) bis (ditridecyl ) phosphite titanate, bis 
(dioctyl pyrophosphate ) oxy acetate titanate, bis (dioctyl 
pyrophosphate ) ethylene titanate, isopropyl trioctanoyl 
titanate, isopropyl dimethacrylic isostearoyl titanate, 
isopropyl isostearoyl di acrylic titanate, isopropyl tri (dioctyl 
phosphate ) titanate, isopropyl tricumyl phenyl titanate, 
isopropyl triamino(N-amideethyl, aminoethyl) titanate, 
dicumyl phenyl oxy acetate titanate, diisostearoyl ethylene 
titanate etc. 



Isopropyl tri(N-amide ethyl, aminoethyl)titanate is preferred 
amongst the all. 

[0023] 

There are no restrictions regarding the surface treatment by 
the above mentioned inorganic filler. The common method 
can be adopted easily. 

For example, sizing treatment where organic solvent or 
suspension of coupling agent is applied on the filler as sizing 
agent, or dry mixing using henschel mixer, supermixer, 
loedige mixer, V type blender, etc., spray method, integral 
blend method, dry concentrate method, etc. These can be 
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selected on the basis of the shape of the filler. But sizing 
treatment, dry mixing, and spray method are preferred. 

In addition, with above-mentioned coupling agent glass film 
forming substance can also be used. 

There are no restrictions regarding film forming substance, 
e.g., polymers of polyester, urethane, epoxy, acrylic, vinyl 
acetate, polyether, etc. can be used. 

[0024] 

The (1) resin composition of the invention is formed by 
blending 100 parts by weight (A) component (a) polystyrene 
polymer with 0.005 to 5.0 parts by weight, preferably 0.01 to 
3.0 parts by weight component (B). 

When amount of component (B) is less than 0.005 parts by 
weight, the antioxidation results are unsatisfactory, and 
improvement in heat resistance, durability, etc. cannot be 
seen. If it exceeds 50 parts by weight, it is not cost effective, 
and problems, e.g., antioxidant bleed, low mechanical 
strength, heat resistance, appearance, etc. are observed. 

[0025] 

The (2) resin composition is formed by blending 1 to 99% by 
weight, preferably 5 to 95% by weight, and most preferred 20 
to 80% by weight above mentioned (A) component 
polystyrene polymer, 99 to 1% by weight, preferably 95 to 
5% by weight, and most preferred 80 to 20% by weight (A) 
component (b), with 0.005 to 5.0 parts by weight, preferably 
0.01 to 3.0 parts by weight component (B) phenol oxidants. 



If the amount of (A) component (a) and (A) component (b) is 
less than 1% by weight, the physical properties are not 
improved. If exceeds 99% by weight, the outstanding 
properties, e.g., mechanical strength, heat resistance, etc. 
cannot be observed by styrene polymer. 

In addition, the amount of component (B) is specified 
similarly as (1) resin composition. 

[0026] 

The (3) resin composition is formed by blending 99.9 to 
90.0% by weight, preferably 99.5 to 92% by weight styrene 
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polymer and 0.1 to 10.0% by weight, preferably 0.5 to 8.0% 
by weight (A) component (c), with 0.005 to 5.0 parts by 
weight, preferably 0.01 to 3.0 parts by weight component (B). 



If the amount of (A) component (c) is less than 0.1% by weight, the 
results of toughness are unsatisfactory. If exceeds 100% by weight, 
the crystallinity of component (a) is decreased, and properties, e.g., 
heat resistance, moldability, etc. are affected. 



In addition, the amount of component (B) is specified 
similarly as (1) resin composition. 

[0027] 

Furthermore, the resin composition (4) is formed by blending 
(c) 0.1 to 10.0% by weight, preferably 0.5 to 8.0 parts by 
weight to (A) (a) 1 to 99% by weight, preferably 5 to 95% by 
weight, most preferred 20 to 80% by weight styrene polymer 
and 99 to 1 % by weight, 95 to 5% by weight (A)(b), with 
0.005 to 5.0 parts by weight, preferably 0.01 to 3.0 parts by 
weight component (B). 



If the amount of (A) component (a) and (A) component (b) is 
less than 1% by weight, the physical properties are not 
improved. If exceeds 99% by weight, the outstanding 
properties, e.g., mechanical strength, heat resistance, etc. 
cannot be observed by styrene polymer. 

If the amount of (A) component (c) is less than 0.1% by 
weight with respect to total amount of 100 parts by weight of 
(A) component (a) and (A) component (b), the results of 
toughness are unsatisfactory. If exceeds 100% by weight, the 
crystallinity of component (a) is decreased, and properties, 
e.g., heat resistance, moldability, etc. are affected. 

In addition, the amount of component (B) is specified 
similarly as (1) resin composition. 

[0028] 

Next, the resin composition (5) is formed by blending 1 to 
350 parts by weight, preferably 5 to 200 parts by weight 
above mentioned component (C) with respect to 1 00 parts by 
weight of composition (1), (2), (3), and (4). 
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[0031] 

tt,WAtttfi»i±Lfc«i»iartl*T**. 

[0032] 

(1) *U? S<7) MI : JIS K7210 11*1)1(300 deg 
C, 2.16kg CTHS) 

(2) Ktt)tfl)3iai»* :JISK7113C*S& 



(3)tt*)iO YI : JIS K7203 CmU 
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If the amount of component (c) is less than 1 part by weight, 
the improvement results of heat resistance, rigidity, impact 
resistance, etc., are unsatisfactory. If exceeds 350 parts by 
weight, the dispersibility becomes bad, and it is very difficult 
to carry out molding. 

[0029] 

Furthermore, organic filler can be added to (C) inorganic 
filler. 

Here, organic synthetic fiber, natural plant fiber etc., can be 
used as organic filler. 

The examples of organic synthetic fiber are aromatic 
polyamide fiber, polyimide fiber etc. 

[0030] 

In addition, the resin composition can be blended with our 
additive agents, e.g., inorganic filler, nucleating agent, 
antioxidant, ultraviolet absorbent, plasticizer, mold release, 
antistatic agent, colorant, flame retardant, carbon black, 
processing material, metallic soap, etc. in the range that does 
not affect the objective of the invention. 

[0031] 

The resin composition of the invention is the resin obtained 
by blending the above mentioned components in the 
above-mentioned range. The common method, e.g., the 
method of mixing and blending the components in specified 
range, can be adopted easily. 

The prepared rein composition ha improved heat resistance, 
durability, original mechanical strength, etc. as compared to 
conventional SPS resin. 

[0032] 

Hereinafter, the invention is explained with the help of 
embodiments and comparative examples. 

Furthermore, the pellets obtained from embodiments and 
comparative example, and the methods used to determine the 
physical properties of the test sample are as follows. 

(1) MI of pellets : in accordance with JIS K7210 (measured at 
300°C, 2.16 kg) 

(2) Tensile strength of test sample : in accordance with JIS 
K7113 

(3) YI of test sample : in accordance with JIS K7203 
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(4) prolonged heat resistivity of test sample 

Tensile strength, retention, and YI of test sample after 
keeping at 150°C for 1000 hrs. 

Furthermore, retention of tensile strength is calculated from 
the following formula. 

Retention of tensile strength (%) = (tensile strength after high 
temperature treatment) / (tensile strength before high 
temperature treatment) X 100 

[0033] 

Preparation method example 1 (Production of SPS ) 

After adding 1.0 liter purified styrene, 1 millimole triethyl 
aluminum to 2-liter reactor, it was heated at 80°C. 16.5 ml 
premixed catalyst (90 micromole pentamethyl 
cyclopentadienyl titanium trimethoxide, 90 micromole 
dimethyl anilinium tetra(pentafluorophenyl)borate, 29.1 
millimole toluene, 1.8 millimole triisobutyl aluminum) was 
added, and polymerization was was carried out for 5 hrs. at 
80°C 



After the completion of the reaction, the product was washed 
repeatedly with methanol, dried, and 380g polystyrene was 
obtained. 

The weight average molecular weight of the polymer was 
measured to be 400,000 by gel permeation chromatography as 
1, 2,4 -trichlorobenzene. 

In addition, weight average molecular weight/number-average 
molecular weight was 2.60. 

Furthermore, the polymer was confirmed as SPS with the help 
of melting point and 13 C-NMR. 

[0034] 

Preparation method example 4 (Production of modified 
polyphenylene ether) 

1 kg polyphenylene ether (intrinsic viscosity 0.47 dl/g in 
chloroform at 25°C), 60g maleic anhydride, 10 g 
2,3-dimethyl-2,3- biphenyl butane (NOF Corporation, Nofmer 
BC ) as radical generator were dry blended with the help of 30 
mm biaxial extruder at screw rotation of 200 rpm. It was 
melted and kneaded at preset temperature of 300°C. 



In this case, resin temperature was approximately 330 C. 
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Maleic anhydride-modified polyphenylene ether was obtained 
after pelletizing and cooling the strands. 

After dissolving 1 g of obatined modified polyphenylene ether 
in ethyl benzene, it was reprecipitated in methanol. The 
recovered polymer was Soxhlet extruded with methanol, 
dried, and modification % was measured by intensity and 
titrimetric determination of carbonyl absorption of IR 
spectrum 

In this case, modification % was 2.0% by weight. 
[0035] 

Embodiment 1 

After carrying out dry blending with the help of henschel 
mixer adding 0.3 parts by weight 
pentaerythrityl-tetrakis { 3-(3,5-di-t-butyl-4- 
hydroxyphenyl)propionate} (Adeka Argus Co. make and 
tradename AO-20) as antioxidant with respect to 100 parts by 
weight SPS(weight average molecular weight 400,000, weight 
average molecular weight/number-average molecular weight 
2.60 )obtained from example 1 , it was pelletized by biaxial 
extruder by melting and kneading at cylinder temperature 
300°C. 



$£%zm i ^.cmto 
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The test sample was prepared by injection molding using 
pellets. 

The physical properties of pellets and test sample were 
determined. 

Result is shown in Table 1. 
[0036] 

Embodiment 2 

It was pelletized same as embodiment 1 , except using 
4,4'-thiobis(3-methyl-6-t-butylphenol) ((Adeka Argus Co. 
make and tradename AO-40) as antioxidant. 

Result is shown in Table 1. 
[0037] 

Embodiment 3 

It was pelletized same as embodiment 1 , except using 
2,2'-methylenebis(4-methyl-6-t-butyl phenol) (Sumitomo 
Chemical Co. Ltd.) as antioxidant. 
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Result is shown in Table 1 . 
[0038] 

Embodiment 4 

It was pelletized same as embodiment 1 , except using 
n-octadecyl-3-(3,5-di-t-butyl-4- hydroxyphenyl propionate 
(tradename Irgl076) as antioxidant. Result is shown in Table 
1. 

[0039] 

Embodiment 5 

It was pelletized same as embodiment 1, except using 
pentaerythrityl-tetrakis 

{ 3-(3 ,5 -di-t-buty 1-4-hydroxypheny l)propionate } (tradename 
IrglOlO ) as antioxidant. 

Result is shown in Table 1. 
[0040] 

Comparative Example 1 

It was pelletized same as embodiment 1 without using 
antioxidant used in embodiment 1. 

Result is shown in Table 1 . 
[0041] 

Embodiment 6 

After carrying out dry blending with the help of henschel 
mixer adding 0.3 parts by weight 2,4-bis(n-octyl thio)- 6 -(4 
-hydroxy-3,5-di-t-butyl aniline)- 1,3,5-triazine (tradename 
Irg565 ) as antioxidant with respect to 100 parts by weight 
SPS( weight average molecular weight 400,000, weight 
average molecular weight/number-average molecular weight 
2.60 )obtained from example 1 and 20% by weight rubber 
elastomer SEBS (Shell Chemicals Co. Ltd, KratonG-1651), it 
was pelletized by biaxial extruder by melting and kneading at 
cylinder temperature 300°C. 



The test sample was prepared by injection molding using 
pellets. 

The physical properties of pellets and test samples were 
determined. 
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Result is shown in Table 1. 
[0042] 

Embodiment 7 

It was pelletized same as embodiment 6, except using 
antioxidant n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl 
propionate (tradename Irgl076). Result is shown in Table 1. 



[0043] 

Embodiment 8 

It was pelletized same as embodiment 6, except using 
pentaerythrityl-tetrakis{3-(3,5-di-t-butyl-4-hydroxyphenyl) 
propionate}(tradename IrglOlO) as antioxidant. 



Result is shown in Table 1. 
[0044] 

Embodiment 9 

It was pelletized same as embodiment 6, except using 
N,N'-hexamethylene bis(3,5-di-t-butyl-4- 
hydroxy-hydrocyanide) (tradename Irgl098) as antioxidant. 

Result is shown in Table 1. 
[0045] 

Embodiment 10 

It was pelletized same as embodiment 6, except using 
2-{ l-(2-hydroxy-3,5-di-t-pentyl phenyl) ethyl }-4,6-di-t-pentyl 
phenyl acrylate(Sumitomo Chemical Co. Ltd., Sumilyzer-G) 
as antioxidant. 



[0046] 

&nm 2 



Result is shown in Table 1. 
[0046] 

Comparative Example 2 

It was pelletized same as embodiment 6 without using 
antioxidant used in embodiment 6. 
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Result is shown in Table 1 . 
[0047] 

Embodiment 1 1 

After carrying out dry blending with the help of henschel 
mixer adding 3 parts by weight of modified polyphenylene 
ether obtained from example 2, with respect to 1 00 parts by 
weight of 90% by weight SPS (weight average molecular 
weight 400,000, weight average molecular 
weight/number-average molecular weight 2.60 )obtained from 
example 1 and 10% by weight rubber elastomer SEBS (Shell 
Chemicals Co. Ltd, KratonG-1651), it was pelletized by 
biaxial extruder by melting and kneading at cylinder 
temperature 300°C. The physical properties of pellets and test 
samples were determined. Result is shown in Table 1 . 



[0048] 

Embodiment 12 

It was pelletized same as embodiment 1 1, except using 
n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl propionate 
(tradename Irgl076 ) as antioxidant. Result is shown in Table 
1. 



[0049] 

Embodiment 13 

It was pelletized same as embodiment 1 1, except using 
pentaerythrityl-tetrakis(3-(3,5-di-t-butyl-4- hydroxyphenyl ) 
propionate} (tradename IrglOlO ) as antioxidant. 

Result is shown in Table 1, 
[0050] 

Working Example 14 

It was pelletized same as embodiment 1 1, except using 
l,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxy 
benzyl)benzene (tradename Irgl330 ) as antioxidant. 
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Result is shown in Table 1. 
[0051] 

Working Example 15 

It was pelletized same as embodiment 1 1, except using 
3,9-bis{ l,l-di-methyl-2-{0 -(3-t-butyl-4- 
hydroxy-5-methylphenyl )propanoyl 
oxy}ethyl}-2,4,8,10-tetrakis spiro{5,5} undecane (Adeka 
Argus Co., tradename AO-80 ) as antioxidant. 



Result is shown in Table 1. 
[0052] 

Comparative Example 3 

It was pelletized same as embodiment 1 1 without using antioxidant 
used in embodiment 1 1 . 

Result is shown in Table 1. 

[0053] 

[Table 1] 





Pellets 


Test Sample 


MI (g/lOmin) 


Tensile strength 
(Mpa) 


YI 


Embodiment 1 


2.9 


50 


6 


Embodiment 2 


2.7 


49 


6 


Embodiment 3 


2.6 


51 


7 


Embodiment 4 


2.7 


48 


6 


Embodiment 5 


2.5 


49 


7 


Comparative example 
1 


8.7 


35 


13 


Embodiment 6 


2.4 


38 


5 


Embodiment 7 


2.3 


37 


6 


Embodiment 8 


2.3 


39 


5 


Embodiment 9 


2.2 


39 


5 


Embodiment 10 


2.4 


38 


6 
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Comparative example 
2 


7.8 


27 


15 


Embodiment 1 1 


1.9 


130 


21 


Embodiment 12 


1.7 


130 


20 


Embodiment 13 


1.8 


129 


20 


Embodiment 14 


1.7 


129 


21 


Embodiment 15 


1.8 


130 


21 


Comparative 
Example 3 


5.3 


110 


29 


[0054] [0054] 
[H2] [Table 2] 
Table 1 (continued) 




Prolonged heat resistance of test sample 


Tensile strength 
(Mpa) 


Tensile strength 
retention (%) 


YI 


Embodiment 1 


47 


94 


7 


Embodiment 2 


44 


90 


7 


Embodiment 3 


46 


90 


7 


Embodiment 4 


A Q 


i r\n 


1 


Embodiment 5 


49 


100 


1 


Comparative example 
1 


Crack are found 


Non-measurable 


Atleast 40 


Embodiment 6 


34 


90 


7 


Embodiment 7 


37 


100 


6 


Embodiment 8 


38 


97 


7 


Embodiment 9 


39 


100 


6 


Embodiment 10 


36 


95 


6 


Comparative example 
2 


Crack are found 


Non-measurable 


Atleast 40 


Embodiment 1 1 


130 


100 


23 


Embodiment 12 


129 


99 


21 


Embodiment 13 


129 


100 


21 


Embodiment 14 


130 


101 


22 


Embodiment 15 


128 


98 


23 


Comparative 
Example 3 


73 


66 


Atleast 50 



Page 25 Paterra Instant MT Machine Translation 



JP1995138433A 



1995-5-30 



[00551 



[0055] 

[Result of the Invention] 

The resin composition of the invention possesses original 
properties, e.g., water resistance, impact resistance, 
mechanical strength, etc. of SPS, and has improved heat 
resistance and durability. 

Therefore, resin composition of the invention is widely used 
for the molded articles where heat resistance and durability is 
required, specifically, machinery components, electrical and 
electronic components, film, fiber, etc. 
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